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COMPREHENSIVE PROTEIN MODELING

Determining the three-dimensional structure and properties of macromolecules, such as enzymes, receptors,
antibodies, DNA, or RNA, is a fundamental component of a wide range of research activities. For example,
predicting the location and characteristics of binding sites or optimizing the stability and selectivity of thera-
peutic biologics all require access to precise, accurate molecular models. BIOVIA Discovery Studio Simulation
delivers a comprehensive portfolio of Al models and market-leading, validated molecular modeling methods
that assist with every aspect of macromolecule-based research. This datasheet outlines the capabilities of
Discovery Studio Simulation for biotherapeutics modeling.

D7S DASSAULT

SUSTEMES



SEQUENCE ANALYSIS

Perform sequence similarity searches using BLAST and
PSI-BLAST against local or NCBI databases

Perform a range of feature and motif predictions and
biophysical property calculations on protein sequences

Predict sites prone to post-translational modifications (PTM)

Align sequences quickly and accurately using multiple
sequence-alignment algorithms

Determine relationships between sequences and structural
conservation of amino acids with phylogenetic and
Evolutionary Trace analysis tools

Prepare protein structures for molecular dynamics and
docking studies using a comprehensive set of automatic
protein preparation tools

- Removes disorder and extraneous water molecules

- Detects and adds missing atoms and residues with additional
refinement

- Predicts pKas of titratable amino acids and protonates at the
desired pH for optimal interactions*

Figures 1 & 2: BLAST hitsin a map and table view

PROTEIN STRUCTURE DETERMINATION

- Predict protein structures from their sequences with the

novel AI/ML algorithms OpenFold' and AlphaFold?

Predict structures of protein sequences co-folded with
ligands, nucleic acids, and peptides with OpenFold

- Co-fold inputs simultaneously, or screen libraries of inputs
one-by-one
Generate high-quality 3D models of target proteins from

their sequences with the market leading MODELER?®
homology modeling algorithm

Assess the model quality with tools including, model
confidence, scoring functions, energies, and sequence-
structure compatibility

Figure 3: Analyze titration curves of prepared
residues

REFINEMENT AND SIMULATION

Systematically sample and refine loop conformations using
the CHARMm-based LOOPER?® algorithm

Graft loop conformations from a template structure onto a
target model

Optimize amino acid side-chain positions using the
CHARMmM-based ChiRotor® algorithm

Prepare proteins in an explicit membrane with solvation for
Molecular Dynamics (MD) simulations

Perform GPU-enabled explicit solvent MD simulations with
CHARMmM’, OpenMM® or NAMD? to explore conformational
space and measure structural and energetic properties

Apply the Gaussian accelerated Molecular Dynamics
(GaMD)'® enhanced sampling method to accelerate
sampling of protein conformations

Analyze MD trajectories to investigate binding pocket
dynamics and structural features of allosteric motions

Examine electronic effects in protein-ligand complexes
using a hybrid of quantum and classical molecular
mechanics (QM-MM)



PROTEIN-PROTEIN DOCKING - Clear analysis about the predicted effect of the mutation and

+ Predict the structures of protein-protein complexes quickly how it is composed is provided

and accurately with ZDOCK"! - Identify mutation sites for disulfide bridge creation to

- Cluster poses based on their spatial proximity and filter poses improve protein stability

based on known interface residues

- Refine docked poses with RDOCK to optimize binding
interactions

- Analyze protein binding interfaces and generate reports for
different types of interactions

Figure 4: Analyze docked protein poses

PROTEIN DESIGN AND ENGINEERING
« Perform de novo design of protein binders for a protein target
- Automatically generate new protein scaffolds, assign sequences

and build structures combining the Al tools RFdiffusion'?,
ProteinMPNN'? and AlphaFold

Figure 5: A summary of the lowest and highest
energy mutations and the corresponding effect of
the mutation. A line plot of mutation energy
against pH is also available for these mutations.

- ldentify mutation sites for disulfide bridge creation to
improve protein stability

PROPERTY PREDICTION

- Calculate biophysical properties, such as solubility, isoelectric
point, dipole moment, molecular charge, molar extinction
coefficient, hydropathy and antigenic sites

- Calculate protein features and sequence descriptors for use in
Figure 5: Design protein binders using a machine learning applications
sequential optimization process

- Perform combinatorial amino acid mutagenesis to evaluate
the effects of mutations on protein stability and binding
affinity, considering pH dependency and thermal effects''®

- Mutations can be to a single residue such as in alanine
scanning or in selected, complex combinations

- Mutations can be multi-site mutations to identify the optimal
mutation combination for protein binding or stability



FUNDAMENTAL MODELING TOOLS

- Rapidly build peptide molecules in defined secondary
structure conformations

- Easily create RNA and DNA molecules in single or multi-
stranded conformations according to standard A, B and Z
forms

- Quickly assess structures from the RCSB with detailed
reporting and analysis tools

- Specify the preparation of a protein, including standardize
atom names, select alternate conformations, insert missing
main-chain or side-chain atoms, adjust terminal residues,
and more

- Examine backbone conformations of residues graphically
with interactive Ramachandran plots for structure validation

- RAlign and superimpose protein structures based on

structural or sequence similarity

- Detailed RMSD analysis available at the residue level

« Perform simple x-ray structure determination and model

structure refinement with CNX (Crystallography and NMR
Explorer)
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Dassault Systémes is a catalyst for human progress. Since 1981, the company has pioneered virtual worlds to improve real

life for consumers, patients and citizens.

With Dassault Sustemes’ 3DEXPERIENCE platform, 370,000 customers of all sizes, in all industries, can collaborate, imagine and create sustainable innovations that drive

meaningful impact.
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